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Abstract: The aim of this study was to evaluate pharmacological properties of ethanol 
extracted from Mahonia oiwakensis Hayata stems (MOSeioh)- The pharmacological 
properties included antioxidant, analgesic, anti-inflammatory and hepatoprotective effects. 
The protoberberine alkaloid content of the MOSeioh was analyzed by high-performance 
liquid chromatography (HPLC). The results revealed that three alkaloids, berberine, 
palmatine and jatrorrhizine, could be identified. Moreover, the MOSeioh exhibited 
antioxidative activity using the DPPH assay (IC50, 0.743 mg/mL). The DPPH radical 
scavenging activity of MOS Et oH was five times higher that that of vitamin C. MOSeioh was 
also found to inhibit pain induced by acetic acid, formalin, and carrageenan inflammation. 
Treatment with MOSeioh (100 and 500 mg/kg) or silymarin (200 mg/kg) decreased the 
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serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels 
compared with the CCl 4 -treated group. Histological evaluation showed that MOS E toH 
reduced the degree of liver injury, including vacuolization, inflammation and necrosis of 
hepatocytes. The anti-inflammatory and hepatoprotective effect of MOSeioh were found to 
be related to the modulation of antioxidant enzyme activity in the liver and decreases in 
malondialdehyde (MDA) level and nitric oxide (NO) contents. Our findings suggest that 
MOSEtoH has analgesic, anti-inflammatory and hepatoprotective effects. These effects 
support the use of MOS Et oH for relieving pain and inflammation in folk medicine. 

Keywords: Mahonia oiwakensis Hayata; high-performance liquid chromatography; 
hepatoprotective effect; malondialdehyde 



1. Introduction 

Liver disorders are commonly caused by either toxic chemicals, drugs, or pathogen infection [1], 
and are considered extremely serious health problems in modern society. During chemical-induced 
liver injury, CCL metabolism begins with formation of the trichloromethyl free radical, CCL, via the 
mixed function cytochrome P450 oxygenase system of the endoplasmic reticulum [2,3]. CCl 3 -can also 
react with oxygen to form the trichloromethylperoxyl radical, CCLOO-, which is a highly reactive 
species [3]. Thus, CCLOOis more likely than CCVto abstract hydrogen from polyunsaturated fatty 
acids (PUFA), which leads to lipid peroxidation [4] and protein oxidation; these effects then cause 
hepatocellular membrane damage [5]. Additionally, CCL-induced toxicity may stimulate endogenous 
reactive oxygen and nitrogen species production that seems to play an important role in the 
pathogenesis of hepatotoxicity. This process is followed by the release of inflammatory mediators 
from activated hepatic macrophages that are believed to promote CCL-induced hepatic injury [2]. 

Many species of the Mahonia genus are considered to be medicinal plants [6-8]. Three species of 
Mahonia (Berberidaceae) grow in Taiwan [9]. The herbs Mahonia japonica and Mahonia oiwakensis 
are both native to Taiwan. All species of this genus in Taiwan are considered medicinal plants. 
Mahonia oiwakensis Hayata (MO), a popular folk medicine in Taiwan, is traditionally used by 
herbalists and Chinese doctors as a substitute for Phellodendri cortex, which is the bark of 
Phellodendron amurense or Phellodendron Chinese (Rutaceae). The latter two preparations are known 
traditionally as antipyretic and analgesic drugs and also used for abdominal pain and diarrhea, 
inflammatory disorders (e.g., rheumarthritis), gastrointestinal disorders (e.g., dysentery and acute 
gastroenteritis), and liver disease (e.g., hepatitis) [9]. MO has been demonstrated to exhibit anti-tumor 
and anti-inflammatory activity [10,11]. Medical alcohol extracts of MO stems (MOSeioh) are used to 
treat the common cold and enterogastritis in Taiwan [12,13]. However, scientific data on the chemical 
structure of the active ingredients and the hepatoprotective activity of MOSeioh are lacking. 

This study was conducted to investigate the protoberberine alkaloid content of MOS Et oH and its 
hepatoprotective activity. Protoberberine alkaloids are the dominant components found in Berberis, 
Mahonia and Coptis plant material [14]. Berberine and palmatine are the most medically significant 
protoberberine alkaloids. Therefore, the chemical components of MOSeioh was identified by high 
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performance liquid chromatography (HPLC). Next, this study used in vivo and in vitro models to 
evaluate the antioxidative effect of MOSeioh and elucidate its possible hepatoprotective effects in rats. 
To examine the possible antioxidative activity of MOSewdh, the l,l-diphenyl-2-picrylhydrazyl (DPPH) 
radical scavenging assay was employed. Finally, the hepatoprotective effect of MOSeioh was 
determined using a CCL-induced acute liver injury model. Silymarin, an effective therapic agent when 
there is CCU-induced acute liver injury, was used as the therapeutic control. 

2. Results and Discussion 

2.1. Chromatographic Analysis of MOSeioh 

The major bioactive components in Mahonia plants are alkaloids [15]. The HPLC chromatogram 
showed that jatrorrhizine, berberine, and palmatine were the major components among organic 
molecules found in MOSeioh, which had a maximum absorbance at 350 nm (Figure 1). This analytical 
result also indicated that the various different alkaloids present in MOSeioh were found at the 
following levels: berberine 135.84 ± 0.19 mg/g extract, palmatine 85.60 ± 0.03 mg/g extract, and 
jatrorrhizine 72.09 ± 0.46 mg/g extract. 



Figure 1. The HPLC chromatographic profile of MOSeioh- A, 
detection of jatrorrhizine, berberine and palmatine. 
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2.2. The DPPH Radical Scavenging Activity of MOSEton 

Evaluation of the antioxidative activity of MOSeioh was carried out using a DPPH 
radical-producing system. The IC50 of MOSeioh was 0.743 mg/mL. The IC50 of ascorbic acid (Vit. C) 
and 2,6-Di-tert-butyl-4-methylphenol (BHT) using the same system were 0.134 and 0.085 mg/mL 
(Table 1). 
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Table 1. The IC50 values of MOSeioh in DPPH radical scavenging activity. 



Substance 


DPPH radical scavenging activity (IC 50 , mg/mL) 


MOS EtOH 


0.743 ± 0.023 


Vit. C 


0.134 ± 0.015 


BHT 


0.085 ±0.002 



MOS Et0 H: ethanol extracted from MO stems; DPPH: l,l-diphenyl-2-picrylhydrazyl; Vit. C: ascorbic acid; 
BHT: 2,6-Di-tert-butyl-4-methylphenol. Values are mean ± SE (« = 3). 



2.3. Toxicity Study 

The acute toxicity of MOSeioh was evaluated using mice and doses up to 5000 mg/kg (p.o.) body 
weight administered for 72 h. MOSeioh did not cause any behavioral changes and no deaths occurred 
(data not shown). Thus the oral LD 50 value of MOS E toH was greater than 5000 mg/kg body weight in 
mice and it can be considered to be practically a non-toxic substance. No toxicity symptoms were 
recorded. The lack of lethality means that the oral route of MOSeioh in mice cannot be determined to 
5000 mg/kg. 

2.4. Analgesic and Anti-Inflammatory Activity of MOSeioh 

MOSEtoH was used to decrease the acetic acid-induced writhing responses in mice, which is an 
indication of the extract's analgesic activity (Figure 2). Treatment with MOS Et oH (100 and 500 mg/kg) 
or indomethacin (10 mg/kg) resulted in an inhibition of the writhing number compared to the control. 
Furthermore, there are no significant inhibitions during the early phase (Figure 3A). MOSeioh 
(500 mg/kg) decreased the licking time during the late phase of the formalin- induced pain test 
(Figure 3B,^<0.05). 

Figure 2. Analgesic effect of MOSeioh on acetic acid-induced writhing response in mice. 
Indomethacin (Indo 10 mg/kg) was use as a therapeutic control. The number of muscular 
contractions was evaluated as described in Section 2. Treatment of MOSeioh (20, 100 and 
500 mg/kg) and Indo (10 mg/kg) showed that there was an inhibition of writhing number 
compared to the control. Each value represents as mean ± SEM (n = 10). * p < 0.05 as 
compared with the acetic acid-treated only group. 
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Figure 3. Effect of MOSeioh on (A) the early phase and (B) the late phase of the formalin 
test in mice. The index of pain (early phase and late phase) was evaluated as described in 
Section 2. MOS Et oH (500 mg/kg) decreased the licking time during the late phase of 
formalin- induced pain test. Each value represents as mean ± SEM (n = 10). * p < 0.05 as 
compared with the formalin- treated only group. 
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2.5. MOS Eton-Inhibited Carrageenan-Induced Edema and Inflammation in Mice Paw Tissue 



Carrageenan-induced mice paw edema is a biphasic process. During early hyperemia, which occurs 
0-2 h after the carrageenan injection, there is a release of histamine, serotonin, and bradykinin that 
results in increased vascular permeability. The inflammatory edema reached its maximum level during 
the second hour and then begins to decline. In our study, paw edema was increased and reached a 
maximum at 2 h after carrageenan injection. Treatment with MOS Et oH (20, 100 and 500 mg/kg) 
significantly reduced paw edema formation (p < 0.001) as shown in Figure 4. The inhibition rate at 2 h 
was 45% to 55% after treatment with MOSeioh (20, 100 and 500 mg/kg) or indomethacin. 
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Figure 4. Inhibitory effects of MOSstOH on carrageenan-induced mice paw inflammation. 
Treatment with MOS Ei oh (20, 100 and 500 mg/kg) significantly reduced paw volume. 
Delta volume (AV) represents the degree of swelling of carrageenan-treated paw. Each 
value represents the mean ± SEM (n = 10). * p < 0.05 ** p < 0.01, *** p < 0.001 as 
compared with the carrageenan-treated only group. 
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Figure 5. Effect of MOSetoH of serum AST and ALT in rats after intraperitoneally treated 
with CCI4. Values are mean ± SE (n = 6). # Significantly different from the control group 
( ### p < 0.001); * Significantly different from the CC1 4 group (* p < 0.05, ** p < 0.01, 
***p< 0.001). 
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2.6. Hepatoprotective Effect of MOSeioh 



Both AST and ALT are cytosolic enzymes present in hepatocytes and are released into circulation 
once cellular damage occurs. Figure 5 shows that the changes in serum AST and ALT activities for 



Int. J. Mol. Sci. 2013, 14 



2934 



various group of animals. The serum levels of ALT and AST in untreated control group of animals 
were 112.5 ±11.2 U/L and 85.7 ± 9.3 U/L, respectively. After CCI4 treatment, the serum ALT and 
AST activities increased by approximately 16.9 and 18.4-fold compared to the control group. In 
contrast, the serum AST and ALT levels showed a significantly lower increase when the rats were 
treated with MOSeioh compared to the CCL alone group of rats. Similar results were obtained when 
the rats were treated with silymarin, a known hepatoprotective chemical. 

Figure 6. Effect of MOSntoH on CCL-induced liver injury in rats. (A) The normal 
architecture of the liver of the control group; (B) The livers of animals treated with 50% 
CCI4 (1 mL kg/bw) showed marked cell necrosis (big arrow), vacuolization (small arrow) 
and inflammation with numerous neutrophilic infiltrations (small arrowhead). Fewer 
injured hepatocytes were found after treatment with sylimarin (200 mg/kg); (C) treatment 
with MOSeioh (20, 100 and 500 mg/kg; D, E, and F groups, respectively). Hematoxylin 
and eosin (H and E) stain, 100 x magnification. 
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2. 7. Histological Analysis 

As compared with the control group of rats (Figure 6A), hepatic cell injury, including vacuolization, 
inflammation with neutrophilic infiltration and extended necrotic areas adjacent to portal triads, were 
present in the CCLt-treated group (Figure 6B). Treatment with silymarin significantly inhibited 
CCLt-induced hepatic injury (Figure 6C). The histopathological morphology of the MOSeioh treated 
groups (20, 100, and 500 mg/kg) are shown in Figure 6C-E. CCLt-induced acute liver damage in rats 
was attenuated after treatment with 100 and 500 mg/kg of MOSeioh- Table 2 summarizes the data on 
the degree of liver damage induced by CCI4 for each group. The histoscores for vacuolization, 
inflammation and cellular necrosis of the livers were significantly higher after CCI4 treatment. In 
contrast, pretreatment with MOSeioh (500 mg/kg) and silymarin significantly reduced the injury 
histoscores of the livers from these groups. 



Table 2. Histoscores of livers treated with either silymarin or MOSEtOH using the rat 
CCLt-induced hepatotoxicity assay. 









Group 






Histo-grade 


Control 


ecu 


Silymarin 




MOS e ,oh (mg/kg) 




200 mg/kg 


20 


100 


500 


Vacuolization 


0 


3.2±0.2 ## 


1.7 ±0.2 ** 


2.8 ±0.3 


2.5 ±0.2 


2.2 ±0.2 ** 


Inflammation 


0 


2.7 ± 0.2 ## 


1.7 ±0.2* 


2.3 ±0.2 


2.0 ±0.3 


1.5 ±0.2* 


Cellular necrosis 


0 


3.5±0.2 ## 


1.5 ±0.2 " 


3.0 ±0.3 


2.3 ±0.2** 


1.7 ±0.2 ** 



To quantify the histological indices for vacuolization and hepatocellular necrosis of liver, the slides were graded 0-4 
according to the method of Knodell et al. [16]. The liver damage was graded 0-4 as following: 0 = no visible cell 
damage; 1 = slight (l%-25%); 2 = moderate (26%-50%); 3 = moderate/severe (51%-75%); 4 = severe/high 
(76%-100%). * Significantly different from the control group (** p < 0.01); * Significantly different from the CCL, group 
(*p < 0.05, **p < 0.01); Values are mean ± SE (n = 6). 



2.8. Hepatic Lipid Peroxidation 

Lipid peroxidation plays a critical role in CCLt-induced liver injury [17]. To evaluate the effect of 
MOSEtOH pretreatment on CCLt-induced liver lipid peroxidation, malondialdehyde (MDA), the end 
product of lipid peroxidation, was monitored. It was found that administering CCI4 increased the 
hepatic level of MDA by about 1.3-fold compared to the control animals. This elevation was mitigated 
after administration of 100 or 500 mg/kg MOSeioh and after administration of silymarin (Table 3). 

2.9. Antioxidative Enzyme Activity of Liver 

Antioxidative enzyme activity in the liver was also analyzed. SOD activity in liver homogenates 
was decreased significantly after CCI4 administration (Table 3). SOD activity was increased 
significantly after pretreatment with either 100 mg/kg and 500 mg/kg of MOSeioh and after 
pretreatment with silymarin. Both GPx and GR activity in CCU-treated group liver homogenates were 
significantly lower than those of the normal group (Table 3). Furthermore, pretreatment with MOSeioh 
increased the activities of both enzymes, as compared with the CCLt-treated group. 
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2.10. Hepatic NO Level Changes 

The nitrite level in the liver was significantly elevated in the CC1 4 administered group of rats 
compared to the control rats (Table 3). Only a slight increase in hepatic nitrite levels was found 
compared to the control group when there was pretreatment with either 100 mg/kg or 500 mg/kg 
MOSEtOH, and when there was pretreatment with silymarin; this indicates that the NO increase was 
attenuated by these pretreatments. 

Table 3. Effect of MOSeioh on the level of serum NO, hepatic MDA and antioxidative 
enzymes in rats treated with CC1 4 . 



MDA Activity (U/mg protein) NO 

Groups 

(nmoL/mg protein) SOD GPx GRd (uM/mg protein) 



Control 


1.30 ±0.02 


19.26 ±0.61 


9.05 ±0.43 


0.193 ±0.006 


3.12 ±0.19 


CC1 4 


2.11 ±0.04 ### 


14.19 ± 0.28 * m 


4.31 ±0.50 *** 


0.145 ±0.001 *** 


7.71 ±0.44 * m 


Silymarin 200 mg/kg + CC1 4 


1.70 ±0.04 *** 


18.99 ±0.43 *** 


8.98 ±0.65 *** 


0.169 ±0.002 *** 


4.66 ±0.33 *** 


MOSeioh 20 mg/kg + CC1 4 


1.99 ±0.06 


15.03 ±0.46 


5.60 ±0.51 


0.158 ±0.002 


6.49 ±0.33 


MOSeioh 100 mg/kg + CC1 4 


1.88 ±0.06 * 


16.78 ±0.42 ** 


6.89 ±0.16 ** 


0.164 ±0.003 ** 


5.53 ±0.40 ** 


MOS Et0 H 500 mg/kg + CC1 4 


1.81 ±0.05 ** 


18.23 ±0.43 *** 


7.55 ± 0.15 *** 


0.171 ±0.003 *** 


4.79 ±0.32 *** 



SOD: superoxide dismutase, GPx: glutathione peroxidase, GRd: glutathione reductase; MDA: malondialdehyde, 
NO: nitric oxide. # Significantly different from the control group. (***/> < 0.001); * Significantly different from the CC1 4 
group (*p< 0.05, **p < 0.01, ***p < 0.001); Values are mean ± SE {n = 6). 



3. Discussion 

Clinical medications are still unable to effectively control or treat liver disorders in humans. 
Patients suffering from liver diseases have started to try other methods of treatment, including 
complementary and alternative medicines (CAMs) to restore health; these treatments include herbal 
products [18,19]. Thus, numerous herbal medicines have been reported as being used for 
hepatoprotection. Mahonia oiwakensis Hayata, which is endemic plant in Taiwan, is a popular folk 
medicine that is traditionally used for treating inflammatory, gastrointestinal disorders and liver 
diseases in Taiwan. In this study, a single dose of 50% CCI4 at 1 mL/kg induced significant acute 
hepatic injury in rats, which was confirmed by the dramatic elevation in serum AST and ALT activity 
and the histological analysis. Additionally, CCI4 treatment also generated high MDA and NO levels 
and decreased SOD, GPx and GR levels; all of which are suggestive of oxidative stress. However, in 
this context, pretreatment with MOS Et oH had a significant hepatoprotection with respect to 
CCl 4 -induced acute liver injury in rats. 

Cell membrane permeability is associated with cell death and increased enzyme activity, both of 
which contribute to hepatic structural damage [2]. Both ALT and AST are enzymes that are correlated 
with injury to hepatocytes. Previous studies have demonstrated that CCL increases AST and ALT 
levels in serum [1]. In this study, the serum ALT and AST levels were increased markedly at 24 h 
after CC1 4 injection; furthermore, these increases were attenuated by treatment with MOS Et oH 
(100 and 500 mg/kg). These experimental results suggest that MOSeioh helps to maintain 
hepatocellular integrity and acts to prevent CCL-induced hepatotoxicity; it does the above in a 
dose-dependent manner. The effect of MOSeioh was similar to silymarin, which has been shown 
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previously to have a significant protective effect in rats. The hepatoprotective effects were confirmed 
by histological examinations. CC1 4 causes a range of histological changes to the liver, including 
vacuole formation, inflammation, cellular swelling and extended necrotic areas from the central area to 
the portal triads. Previous reports have shown that rats treated with CCU undergo increased neutrophil 
infiltration into the liver cells as liver injury progresses. Furthermore, it has also been found that 
reactive oxygen species (ROS), such as superoxide radicals (O2), are released from these activated 
neutrophils that have infiltrated into the liver of the CCL-treated rats, which causes extensive liver cell 
necrosis [2,3]. Again, silymarin is known to exhibit a protective effect in terms of these changes. In the 
present study, these changes were also significantly attenuated by MOS Et oH treatment. 

Over-production of free radicals is toxic to hepatocytes and initiates ROS formation, which causes 
hepatocyte death and acute hepatic damage [20,21]. Based on this, antioxidative treatment has been 
proposed as a potential approach to preventing or attenuating toxic liver injury. Therefore, in this 
context, in vivo antioxidative activity was measured as part of this study by examining the activity 
levels of various antioxidative enzymes, namely SOD, GPx and GR. These antioxidative enzymes 
convert active oxygen molecules into non-toxic compounds and are easily inactivated by lipid 
peroxides or ROS during CCI4 exposure [2]. In this study, the experiment results showed that 
antioxidative enzyme activity levels in the MOSEtoH and silymarin groups were increased significantly 
compared with those of the group treated with CCI4 only. Therefore, both MOSEtoH and silymarin exert 
a protective effect against CCU-induced hepatic injury and this is, at least in part, via their effect on 
hepatic antioxidative activity, which is able to reduce ROS production. The free radical, NO, is a 
highly reactive nitrogen species produced by parenchymal and nonparenchymal liver cells from 
L-arginine via nitric oxide synthase activity [22]. Thus, NO may contribute to the cytotoxic effect of 
neutrophils by forming peroxinitrite after it reacts with various ROS, particularly O2 [23,24]. In this 
study, only a slight increase in hepatic NO levels was noted in rats pretreated with MOSeioh or 
silymarin compared to rats administered with CCI4 alone, which showed a large increase. Suppression of 
NO production is likely due to the increases in SOD, GPx and GR activity induced by pretreatments. 

Lipid peroxidation has been hypothesized to be a principal cause of CCl 4 -induced liver injury and 
can therefore be used as a marker of oxidative damage. The scavenging of free radicals is one of the 
major antioxidative mechanisms able to inhibit the chain reaction of lipid peroxidation. DPPH is 
known to abstract labile hydrogen [25]. The scavenging of DPPH radicals is thus related to the 
inhibition of lipid peroxidation [26]. The experiment results for DPPH scavenging activity suggests 
that MOSEtoH is able to exert a free radical scavenging effect that could have a beneficial action against 
pathological alterations caused by free radicals generated by CCI3 and by lipid peroxidation. The final 
product of lipid peroxidation, MDA, is widely used as a marker of lipid peroxidation [27]. The fact 
that near-normal levels of hepatic MDA are maintained after MOSEtoH pretreatment provides 
additional evidence indicating that MOSEtoH has hepatoprotective activity. The results of the present 
study indicate that MOSEtoH has antioxidative capacity, protects hepatocytes from oxidative stress, 
inhibits lipid peroxidation, reduces NO production, and enhances antioxidative activity in the rat livers 
that have been treated with CCI4. 

Identification of the major compounds in a herb or a herbal preparation should prove helpful when 
elucidating pharmacological activity and the underlying mechanisms of action [8]. Protoberberine 
alkaloids are the predominant components of Berberis, Mahonia and Coptis, which have long histories 
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as folk medicines [13]. The major compounds in MOSeioh were analyzed by HPLC. A number of 
major peaks were identified and these were found to be berberine, palmatine, and jatrorrhizine 
(Figure 1). Previous studies have demonstrated that berberine, palmatine, and jatrorrhizine possess 
significant anti-inflammatory and hepatoprotective activities [25,26]. Berberine, which is also present 
in Coptidis rhizoma and Phellodendri cortex, is known to scavenge Orin vitro [28]. In this study, the 
analytical data indicates that the protoberberine alkaloids of berberine, palmatine, and jatrorrhizine 
make up 30% of the ingredients of MOSeioh- Thus, the hepatoprotective activity of MOSeioh may 
relate to the presence of these alkaloids in MOS Et oH- Further in-depth studies are necessary in order to 
explore the mechanisms of action of MOSeioh and its individual components. 

In nature, there are a great deal of natural plants with anti-inflammatory properties; flavonoids 
provide one of the more famous examples of a powerful ingredient found among these plants [29]. 
Flavonoids are polyphenolic compounds that are ubiquitous in nature and are categorized, according to 
chemical structure, into flavonols, flavones, flavanones, isoflavones, catechins, anthocyanidins and 
chalcones [30]. Over 4000 flavonoids have been identified, many of which occur in fruits (grape), 
vegetables (onions) and beverages (tea, wine and fruit drinks) [31,32]. Antioxidants are compounds 
that protect cells against the damaging effects of reactive oxygen species, such as singlet oxygen, 
superoxide, peroxyl radicals, hydroxyl radicals and peroxynitrite. An imbalance between antioxidants 
and reactive oxygen species results in oxidative stress, leading to cellular damage. Oxidative stress has 
been linked to cancer, aging, atherosclerosis, ischemic injury, inflammation and neurodegenerative 
diseases. The antioxidant activity of flavonoids depends on their molecular structure, and structural 
characteristics of certain flavonoids found in hops and beer confer surprisingly potent antioxidant 
activity exceeding that of red wine, tea, or soy. 

Vegetables contain many physiologically active substances, and they can manipulate the growth of 
the plants and provide some pigments for the plants. These elements are called phytochemicals. 
Recently, epidemiological research indicated that fruits and vegetables in meals can reduce the risk of 
degenerative disease. This is the result of foods that might include plant phytochemicals. In the past, 
the related research of flavonoids was not valued. People usually get a small amount of flavonoids 
from the fruits and vegetables or in tea and alcoholic drinks [33], thus they have only paid attention to 
the ingredients in vegetables that offer some fructose and fibers, eschewing deeper investigation into 
the flavonoids' metabolism ,its decomposition, and its physiological effects after it has been 
metabolized. This area will be the focus of our future research. 

4. Experimental Section 

4.1. Chemicals 

Berberine, palmatine, silymarin, Griess reagent and other chemicals were purchased from 
Sigma- Aldorich Chemical Co (St. Louis, MO, USA). Jatrorrhizine was purchased from the National 
Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). CCU was 
purchased from Merck Co. (Merck KGaA, Darmstadt, Germany). The SOD, GPx and GR assay kits 
were purchased from Randox Laboratory Ltd. (London, UK). CCI4 was dissolved in olive oil as 50% 
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(v/v) solution. Silymarin was suspended in 2% carboxymethyl cellulose. All other chemicals or 
reagents used were of analytical grade or HPLC grade. 

4.2. Plant Source and Preparation of Plant Extract 

The MO was collected from the Alishan mountainous area of Taiwan, and was identified by 
Chao-Lin Kuo, leader of the School of Chinese Medicine Resources (SCMR); a voucher specimen 
(Number: CMU MO 0722) was deposited at the SCMR. The crude MOS were sliced into small pieces, 
which were then dried in a circulating air stove and grounded up (453.4 g). Ten liters of ethanol were 
added to the dried powder. The MOS was extracted using 95% ethanol for 48 h four consecutive times. 
The filtrates were combined and concentrated under reduced pressure at 40 °C using a vacuum rotary 
evaporator in order to obtain MOSeioh extract. The yield ratio of the MOSeioh lyophilized extract 
(12.55 g) was 2.7%. 

4.3. Chromatographic Identification o/MOSeioh 

The HPLC system consisted of a Shimadzu (Kyoto, Japan) LC-lOATvp liquid chromatograph 
equipped with a DGU-14A degasser, an FCV-lOALvp low-pressure gradient flow control valve, a 
SIL-lOADvp auto injector, an SPD-MlOAvp diode array detector, and an SCL-lOAvp system 
controller. Peak areas were calculated using Shimadzu Class-LCIO software (Version 6.12 sp5). The 
column was a Phenomenex Synergi 4 Fusion-RP 80A column (250 x 4.6 mm). The gradient mobile 
phase was methanol (solvent A) and 1% triethylamine plus 1% acetic acid in water adjusted to pH 3.0 
using phosphoric acid (solvent B). The sample was injected of 10 |xL. The gradient profile was run at 
1 mL min -1 over 100 min. The gradient program was as follow: 10-12 min 26% B isocratic, 
12-14 min 26%-28% B, 14-19 min 28% B isocratic, 19-20 min 28%-34%, 20-38 min 34% B 
isocratic, 38-39 min 34%-42% B, 39-49 min 42% B isocratic, 49-50 min 42%-48% B, 50-59 min 
48% B isocratic, 59-60 min 48%-55% B, 60-71 min 55%-70% B, 71-80 min 70% B isocratic, 
80-100 min 70%-26% B. The solvent (mobile phase) was allowed to run for 3-5 min as the initial 
phase before injecting the next sample. 

The peaks found in the MOSeioh samples were identified by comparison with the standard solutions 
of berberine, palmatine, and jatrorrhizine. The MOSeioh solutions were quantified by spiking with a 
known amount of standard and comparing the areas under the curve. The repeatability of the method 
was evaluated by injecting MOSeioh and the standard solutions three times, and the relative standard 
deviation (RSD) percentage was then calculated. 

4.4. Determination of DPPH Radical Scavenging Ability 

The effect of crude extracts and the positive controls (Vit. C, ascorbic acid; BHT, 
2,6-Di-terZ-butyl-4-methylphenol) on the DPPH radical scavenging ability was estimated according to 
a previously described method [34]. An aliquot (20 jxL) of crude extracts at various concentrations was 
mixed with 100 mM Tris-HCl buffer (80 |xL, pH 7.4) and then with 100 |xL of the DPPH in ethanol to 
a final concentration of 250 jaM. The mixture was shaken vigorously and left to stand at room 
temperature for 20 min in the dark. The absorbance at 517 nm of the reaction solution was measured 
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spectrophotometrically. The percentage of DPPH decolorization of the samples was calculated 
according to the equation: % decolorization = [1 - (ABS sample/ABS control)] x 100. The half 
inhibitory concentration (IC 50 ) value was the effective concentration at which DPPH radicals were 
scavenged by 50% and was obtained by interpolation from a linear regression analysis. A lower IC50 
value indicates a greater antioxidative activity. 

4.5. Animals 

Male ICR mice (18-22 g) and Male Wistar rats (250-300 g) were obtained from the Animal Center 
of National Taiwan University (Taipei, Taiwan). They were housed in standard cages at a constant 
temperature of 22 °C ± 1 °C, relative humidity 55% ± 5% with 12 h light-dark cycle (08:00 to 20:00) 
for at least 1 week before experimentation began. 

Animals used in this study were housed and cared for in accordance with the NIH Guide for the 
Care and Use of Laboratory Animals. The experimental protocol was approved by the Committee on 
Animal Research, China Medical University, under the code 2006- 14-N. All tests were conducted 
under the guidelines of the International Association for the Study of Pain. 

4.6. Acetic Acid-Induced Writhing Test 

The writhing test in mice was conducted as described in the previous study [35]. Male ICR mice 
(ten per group) were fasted for 24 h before the experiment, but with free access to water. The writhes 
were induced by an intraperitoneal injection of 1.0% acetic acid in distilled water (0.1 mL/10 g body 
weight). Preliminary data showed that a dosage of 1.0 g/kg possesses maximum anti-inflammatory 
effects, and based on this, we chose three doses for subsequent animal experiments. Mice were 
administered orally with MOS Et oH (20, 100 and 500 mg/kg) 60 min prior to chemical induction of 
writhes and the same volume of distilled water by oral administration as the vehicle control. 
Indomethacin (10 mg/kg, i.p) was administered 30 min prior to acetic acid injection. Mice were placed 
in an observation box separately and the number of writhing responses was counted over 10 min. 

4. 7. Formalin Test 

The test was conducted according to the method described in the previous study [36]. Male ICR 
mice (ten per group) were fasted for 24 h before the experiment, but with free access to water. Twenty 
microliters of 5% formalin in distilled water was then injected subcutaneously into the right hind paw 
of mice to cause pain. Mice were administered orally with MOSeioh (20, 100 and 500 mg/kg) 60 min 
before formalin treatment and the same volume of distilled water by oral administration as the vehicle 
control. Indomethacin (10 mg/kg, i.p) was administered 30 min before formalin treatment. These mice 
were individually placed in a transparent Plexiglas cage (25 x 15 x 15 cm). The time spent licking and 
biting the injected paw was used as the index of pain and was recorded separately from 0 to 5 min as 
early phase or neurogenic pain and from 20 to 30 min as late phase or inflammatory pain [37]. 
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4.8. Carrageenan-Induced Mice Paw Edema 

This method was carried out previously described but with some modifications [38]. Male ICR 
mice (N = 10) were fasted for 24 h before the experiment with free access to water. The mice were 
injected subcutaneously with 50 \iL of 1% carrageenan solution in normal saline (0.9% w/v NaCl) into 
the sub-plantar region of the right hind paw. Paw volume was measured using a plethysmometer 
immediately before injection and 1, 2, 3, and 4 h after the administration of the carrageenan. MOSeioh 
(20, 100 and 500 mg/kg) was administered at 120 min after carrageenan injection. Indomethacin 
(10 mg/kg, i.p), a therapeutic control, was administered at 150 min after carrageenan injection. The 
percent increase in paw volume was calculated and compared with the vehicle control. 

4.9. Hepatoprotective Effect 

For the dose selection of MOSeioh, the acute oral toxicity of MOSeioh in rats was single gavaged at 
three levels of 500, 2500, and 5000 mg/kg body weight at a volume of 10 mL/kg. The results were 
observed for 48 h. Results revealed that MOSeioh, up to 5000 mg/kg body weight, did not cause any 
significant behavioral changes and no mortality occurred. For the liver protection experiments, control 
and CCL-treated rats were orally administered, and distilled water was used as the non-therapeutic 
control. The therapeutic control group weas given silymarin (200 mg/kg) orally for three consecutive 
days. The MOSeioh group of rats were orally administered MOSeioh (20, 100 and 500 mg/kg) for three 
consecutive days. One hour after the last administration of the experimental drugs, CCU (1 mL/kg, 
50% vlv) was injected intraperitoneally into each group of rats, except for the control group. Control 
rats received a comparable volume of olive oil (i.p). Twenty-four hours after CC1 4 injection, the rats 
were sacrificed under anesthesia and blood was collected for evaluation of the biochemical parameters 
(AST and ALT levels). Liver tissue was removed for histological evaluation, and parts of livers were 
also collected to allow the SOD, GPx and GRd, MDA and NO contents to be measured. 

4.10. Histopathological Evaluation 

All animals were subjected to necropsy at the end of experiment. The livers were observed grossly 
and then excised, blotted and weighed. The weights of liver are represented as percentage of final body 
weight. Tissues were fixed in 10% buffered formaldehyde solution and embedded in paraffin. The 
specimens were cut into 2 urn sections, stained with hematoxylin and eosin, and then examined by 
light microscopy. 

4.11. Antioxidative Enzyme Activity Measurements 

SOD enzyme activity was determined according to a previously described method at room 
temperature [36]. Tissue extract (100 uL) was added to 880 uL (0.05 M, pH 10.2, 0.1 mM EDTA) 
carbonate buffer. Epinephrine, 30 mM in 0.05% acetic acid (20 uL) was added to the mixture and the 
absorbance at 480 nm for 4 min was measured on a Hitachi U 2000 spectrophotometer. The enzyme 
activity is represented as the amount of enzyme that inhibits the oxidation of epinephrine by 50%, 
which is equal to 1 unit, and is expressed as U/mg protein. 
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The GPx enzyme activity was determined according to the method of Flohe and Gunzler [37] at 
37 °C. A reaction mixture consisted of 500 |xL phosphate buffer, 100 |xL 0.01 M GR (reduced form), 
100 ixL 1.5 mM NADPH and 100 jaL GR (0.24 units). Ttissue extract (100 jaL) was added to the 
reaction mixture and incubated at 37 °C for 10 min. Then 50 jjL of 12 mM J-butyl hydroperoxide was 
added to 450 jxL of the tissue reaction mixture and the absorbance measured at 340 nm for 180 s. The 
molar extinction coefficient of 6.22 x 10 was used to determine the enzyme activity. One unit of 
activity is equal to the mM of NADPH oxidized min -1 per mg protein. NADPH (2 mM, 50 |xL) in 
10 mM Tris buffer (pH 7.0) was added to a cuvette containing 50 |xL of GSSG (20 mM) in phosphate 
buffer. Tissue extract (100 (iL) was added to the NADPH-GSSG buffered solution and the absorbance 
measured at 340 nm for 3 min. The molar extinction coefficient of 6.22 x 10 was used to determine 
GR enzyme activity. One unit of activity is equal to the mM of NADPH oxidized min -1 per mg protein 
and expressed as U/mg protein. 

4. 12. Hepatic MDA and NO Assay 

The MDA levels in the liver tissue samples were evaluated by the thiobarbituric acid reacting 
substance (TRARS) method [39]. Briefly, MDA reacts with thiobarbituric acid at an acidic high 
temperature and forms a red-complex TBARS. The absorbance of TBARS was determined at 532 nm 
(Hitachi U 2000, Tokyo, Japan) and expressed as nmoL/mg protein. 

Hepatic NO was measured according to the method of Moshage et al. [40]. For the nitrite 
determination, N03~ was converted into nitrite by nitrate reductase enzymatic conversion; N02~ was 
measured by the Griess reaction [41]. Values obtained by this procedure represent the sum of nitrite 
and nitrate (Hitachi U 2000, Tokyo, Japan) and expressed as jjM/mg protein. 

4.13. Statistical Analysis 

All the data are shown as mean ± SE. The data in the present study were analyzed by one-way 
ANOVA followed by Bonferroni post hoc test. The exception was the liver histoscores, which were 
analyzed using nonparametric statistics. The criterion for statistical significance were * p < 0.05, 
m p < 0.01 and ** p < 0.001 for the comparison between CCI4 and the control groups, and * p < 0.05, 
** p < 0.01 and *** p < 0.001 for the comparison between the MOS Et oH and CC1 4 groups. 

5. Conclusions 

This study demonstrates that MOSEtoH exhibits antioxidant, analgesic, anti-inflammatory, and 
hepatoprotective effects. The anti-inflammatory and hepatoprotective effects of MOSetoH seem to be 
related to a modulation of antioxidant enzyme activity in the liver together with decreases in the 
malondialdehyde (MDA) level of the liver and nitric oxide (NO) content of the liver. The 
hepatoprotective mechanisms of MOSEtoH when orally administered are via a preventive effect on liver 
injury progression in CCLt-treated rats; this seems to involve the maintaining of the liver antioxidative 
defense systems in addition to the scavenging of ROS and NO; these lead to an inhibition of lipid 
peroxidation. Thus it would seem that MOSEtoH acts as a pharmacological agent that is able to prevent 
inflammatory and liver disorders. 
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